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GATE VALVE GATE MEMBER FOR A GATE
VALVE

RELATED APPLICATIONS

This application claims the benefit, and priority benefit, of

U.S. Provisional Patent Application Ser. No. 62/746,430,
filed Oct. 16, 2018, the disclosure and contents of which are

incorporated by reference herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Disclosure

This disclosure relates generally to the field of gate
valves, and 1n particular to gate valves for use 1n fracturing
operations conducted in connection with wells for the pro-
duction of hydrocarbons.

Description of the Related Art

In oilfield production operations, some wells may be
stimulated to 1ncrease the production of hydrocarbons, such
as o1l and gas. Such techniques may include high-pressure,
or hydraulic, fracturing of the well formation, known to the
art as “fracing” a well formation. Generally, in this process
a sand-bearing slurry or fracturing fluid, or “frac fluid”, 1s
pumped down into the formation surrounding the wellbore
at very high pressure. The sand particles of the frac flmd
become embedded in small cracks and fissures 1n the for-
mation, wedging them open and, thus, increasing the tlow of
produced fluid. Typically, the fluids used during fracturing
are often very abrasive. Gate valves may be used 1n con-
nection with the wellhead during fracturing operations,
through which pass the sand-bearing slurry, or frac fluid, as
well as other debris generated 1n connection with the frac-
turing operations. The frac fluid may damage components of
the gate valves.

BRIEF SUMMARY

The following presents a simplified summary of the
disclosed subject matter 1n order to provide a basic under-
standing of some aspects of the subject matter disclosed
herein. This summary 1s not an exhaustive overview of the
technology disclosed herein. It 1s not mtended to identify
key or critical elements of the invention or to delineate the
scope of the mvention. Its sole purpose i1s to present some
concepts 1 a simplified form as a prelude to the more
detailed description that 1s discussed later.

In one illustrative embodiment, a gate valve for a fluid
may 1nclude: a valve body having an internal valve cavity;
first and second flow passageways extending through the
valve body, each passageway having a longitudinal axis; a
gate member, having an upper end, a lower end, a first side
and a second side, disposed within the valve body, the gate
member having an opening, the opening having an upper
end and a lower end, and the gate member 1s moveable 1nto
a fluid transmitting relationship with the first and second
flow passageways; a {irst seat between the gate member and
the first tlow passageway, the first seat having first and
second ends, the first end disposed adjacent the first flow
passageway and the second end disposed adjacent the first
side of the gate member, the second end of the first seat
having a seat end face; the gate member having a first
sealing face surface on the first side of the gate member; and
the first sealing face surface of the gate member having at
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least one recess formed in the first sealing face surface,
which recess 1s disposed in a spaced relationship from a

portion of the seat end face of the second end of the first seat
as the gate member moves into the fluid transmitting rela-
tionship with the first and second tlow passageways. The at
least one recess may include an arc-shaped portion.

In another 1illustrative embodiment, a gate member for a
gate valve for a fluid, the gate valve including a valve body
having an internal valve cavity, first and second tlow pas-
sageways extending through the valve body, each passage-
way having a longitudinal axis, a first seat having first and
second ends, the first end disposed adjacent the first flow
passageway, the second end of the first seat having a seat end
face, may include: a gate member, having an upper end, a
lower end, a first side and a second side and having an
opening, the opening having an upper end and a lower end,
and the gate member 1s moveable into a fluid transmitting
relationship with the first and second flow passageways; the
gate member having a first sealing face surface on the first
side of the gate member; and the first sealing face surface of
the gate member having at least one recess formed 1n the first
sealing face surtace, which recess 1s disposed 1n a spaced
relationship from a portion of the seat end face of the second
end of the first seat as the gate member moves into the fluid
transmitting relationship with the first and second flow
passageways. The at least one recess may include an arc-
shaped portion.

BRIEF DESCRIPTION OF THE DRAWING

The present gate valve and gate member for a gate valve
may be understood by reference to the following description
taken in conjunction with the accompanying drawing, in
which:

FIG. 1 1s a perspective view of a conventional gate valve
in accordance with an illustrative embodiment of the inven-
tion;

FIG. 2 1s a side view of the gate valve of FIG. 1;

FIG. 3 1s front view of the gate valve of FIG. 1;

FIG. 4 1s a partial cross-sectional view taken along lines
4-4 of FIG. 2;

FIG. § 1s a perspective view of the gate member of the
gate valve of FIG. 4;

FIG. 6 1s a perspective view of the gate member of FIG.
5 1llustrating a valve seat contacting the gate member;

FIG. 7 1s a perspective view of the gate member of FIG.
5 with a thin section of the valve seat, that 1s shown as being
transparent, contacting the gate member when the gate
member 1s 1n 1ts fully closed position 1n the gate valve;

FIG. 8 1s a perspective view of the gate member of FIG.
5 showing incremental movement of the thin section of the
valve seat of FIG. 7 along the gate member, when the gate
member 1s moving from the fully closed position of FIG. 6
to the tully open position shown 1n the gate valve of FIG. 4;

FIG. 9 1s a partial cross-sectional view of a gate valve 1n
accordance with an 1llustrative embodiment of the present
invention;

FIG. 10 1s a top view of a gate member 1n accordance with
an 1llustrative embodiment of the present invention;

FIG. 11 1s a side view of the gate member of FIG. 10;

FIG. 12 1s an end view of the gate member of FIG. 10;

FIG. 13 1s a partial cross-sectional view of the gate
member of FIG. 10, taken along line 13-13 of FIG. 10;

FIG. 14 1s a partial cross-sectional view of the gate
member of FIG. 10, taken along line 14-14 of FIG. 10;

FIG. 15 1s a perspective view of the gate member of FIGS.
10-12; and
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FIG. 16 1s a perspective view of the gate member of FIGS.
10-12, similar to FIG. 8, showing incremental movement of

a thin transparent section of a valve seat along the gate
member of FIG. 10, when the gate member 1s moving from
a Tully-closed position to a fully open position within a gate
valve.

While certain embodiments of the present gate valve and
gate member for a gate valve will be described 1n connection
with the present illustrative embodiments shown herein, it
will be understood that 1t 1s not intended to limit the
invention to those embodiments. On the contrary, it 1s
intended to cover all alternatives, modifications, and equiva-
lents, as may be included within the spirit and scope of the
invention as defined by the appended claims and claims to
be filed 1 a subsequent non-provisional patent application.
In the drawing figures, which are not to scale, the same
reference numerals are used throughout the description and
in the drawing figures for components and elements having
the same structure, and primed reference numerals are used
for components and elements having a similar function and
construction to those components and elements having the
same unprimed reference numerals.

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

It should be understood that, although an illustrative
implementation of one or more embodiments are provided
below, the various specific embodiments may be imple-
mented using any number of techniques known by persons
of ordinary skill 1n the art. The disclosure should 1n no way
be limited to the illustrative embodiments, drawings, and/or
techniques 1llustrated below, including the exemplary
designs and i1mplementations illustrated and described
herein. Furthermore, the disclosure may be modified within
the scope of the appended claims along with their full scope
ol equivalents.

With reference to FIGS. 1-4, a gate valve 100 1n accor-
dance with an illustrative embodiment 1s shown to generally
include a valve body 101 having an internal valve cavity
102, first and second passageways 103, 104 extending
through the valve body 101, with each passageway 103, 104
having a longitudinal axis 105, 106. Preferably, as shown in
FIG. 4, the longitudinal axes 105, 106 are coplanar and
coincide with each other. As known 1n the art, gate valve 100
may be provided with a hand wheel 108, or another con-
ventional actuation device, to move a valve stem 109
upwardly or downwardly within valve cavity 102. Gate
valve 100 also preferably includes a conventional bonnet
110 that seals about valve stem 109 and seals off valve cavity
102 at the top of valve body 101. Valve 101 may include
conventional flanged connectors 111, 112, and sections of
pipe (not shown) may be connected to the flanged connec-
tors 111, 112 in a conventional manner. A fluid, such as a
sand-bearing slurry or fracturing fluid or “frac flmd”, or any
other conventional fluid, may be pumped through the gate
valve 100 to flow through the valve body 101 and through
the first and second passageways, or flow passageways, 103,
104.

With reference to FIGS. 4-5, a gate member 115, associ-
ated with valve stem 109, 1s disposed within the valve body
101, and 1s movable within valve body 101 by movement of
valve stem 109 caused by rotating hand wheel 108, or by
another actuation device. Gate member 115 has an upper end
130 and a lower end 131, and a first side 117 facing in the
direction toward the first tlow passageway 103, and a second
side 118 facing in the direction toward the second flow
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passageway 104. Gate member 115 has a circular shaped
opening 116 having an upper end 127 and a lower end 128,
and upon movement of valve stem 109, the opening 116 of
gate member 115 may be moved into, and out of, a tfluid
transmitting relationship with the first and second flow
passageways 103, 104, 1n a conventional manner. Gate valve
100 i1s shown 1n 1ts fully open, fluid transmitting relation-
ship, with opening 116 1n alignment with the first and second
passageways 103, 104. A seat, or valve seat, 120 1s disposed
within valve cavity 102 between gate member 115 and each
of the passageways 103, 104, whereby when gate member 1s
in its open position, as shown i FIG. 4, fluid may tlow
through the seats 120, the opening 116 1n gate member 115,
and through the first and second passageways 103, 104. Gate
valve 100 1s illustrated as a bi-directional gate valve, 1n
which fluid may flow through gate valve 100 either in a
direction from leit to right, or right to left as viewed 1n
connection with FIG. 4. If gate valve 100 1s used as a
bi-directional gate valve, the seats 120 would preferably be
of the same construction, and both sides 117, 118 of the gate
member 115 would have the same structure, including a flat,
sealing face surface, or bearing surface, 137, 138. As shown
in FIG. 4, the seats 120 are of the same construction and
design.

As shown 1n FIGS. 4 and 6, seats, or valve seats, 120 are
preferably a tubular member 121 having a longitudinal axis
129, first and second ends 122, 123, and an inner wall
surface 124 and an outer wall surface 125 extending
between the first and second ends 122, 123. The first ends
122 of elongate tubular members 121 are disposed adjacent
the first or second flow passageways 103, 104 and the
second ends 123 are disposed adjacent the gate member 115.
The second ends 123 of each tubular member 121 each have
a seat end face 126 which 1s 1 a sliding and sealing
engagement with the sealing face surfaces 137, 138 of gate
member 115 as gate member 115 moves downwardly
between 1ts tully closed position of FIG. 6 to 1ts fully open
position of FIG. 4. In FIG. 6, a seat 120 with 1ts seat end face
126 1s shown 1n a sliding and sealing engagement with the
sealing face surface 137 on the first side 117 of gate member
115. Similarly, the other seat 120 would be 1n a sliding and
sealing engagement with the sealing face surface 138 of the
second side 118 of gate member 115.

With reference to FIG. 7, a thin section, or slice, 126' of
the seat end face 126 of valve seat 120 1s shown contacting
the sealing face surface 137 on the first side 117 of gate
member 115 when the gate member 115 1s 1n 1ts fully closed
position in the gate valve 100. For drawing clarity, the thin
section 126' of the seat end face 126 1s shown as being
transparent.

FIG. 8 illustrates incremental movement of the thin sec-
tion 126' of the seat end face 126 when the gate member 1135
1s moving downwardly from 1ts fully closed position of FIG.
6 to 1ts fully open position shown in FIG. 4. As the gate
member 115 moves downwardly within the gate valve 100
of FIG. 4, with respect to the seat 120, and 1ts seat end face
126, fixed within valve body 101, seat end face 126 of seat
120, 1s represented by the transparent thin sections, or end
sections, or slices, 126' of the seat end face 126. As the gate
member 115 moves downwardly, arced portions 126" of the
seat end face 126 are exposed to the tluid flow through the
opening 116 1n gate member 115, whereas the areas of the
seat end face 126, or end sections 126", 1n contact with the
sealing face surface 137 adjacent opening 116 are not
exposed to fluid tlow through the opening 116. Additionally,
the lower arced portions 126"" of seat end face 126 in
contact with the sealing face surface 137 below opening 116
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are also not exposed to any fluid tlow through the opening
116 1n gate member 115. By use of the terms “arced” or
“arc-shaped,” 1s meant that something 1s arched or curved,
or 1s any unbroken part of the circumierence of a circle or
other curved line.

With reference to FIGS. 9-14, a gate valve 140 1n accor-
dance with an illustrative embodiment 1s shown, which
includes an 1illustrative embodiment of the present gate
member 141. Gate valve 140 shown in FIG. 9 1s of the same
general construction as the gate valve 100 previously
described 1n connection with FIGS. 1-8, with the exception
that the gate valve 140 1s provided with the gate member 141
as hereinaiter described. Components of gate valve 140 and
gate member 141 that have the same structure and function
of the components of the gate valve 100 and gate member
115 bear the same reference numerals. Primed reference
numerals are used for components having a similar structure
and function. Similar to the gate member 1135 previously
described, gate member 141 has an upper end 130 and a
lower end 131, a first side 117 and a second side 118, and
gate member 141 1s disposed 1n the valve body 101. Gate
member 141 also includes an opening 116, the opening 116
having an upper end 127 and a lower end 128, and the gate
member 141 1s moveable into a fluid transmitting relation-
ship with the first and second flow passageways 103, 104.
Gate member 141 has a first sealing face surface 137' on the
first side 117 of the gate member 141, and a second sealing
tace surface 138' on the second side 118 of the gate member
141, similar to the sealing face surfaces 137, 138 of the gate
member 115 previously described. Gate valve 140 includes
first and second valve seats 120 as previously described 1n
connection with gate valve 100.

The first sealing face surface 137' of gate member 141 has
at least one recess 145 formed 1n the first sealing face surface
137" of gate member 141. Preferably, the second sealing face
surface 138' of the gate member 141 also has at least one
recess 145 formed 1n the second sealing face surface 138. As
will be hereinafter described, as the gate member 141 moves
into the flmd transmitting relationship with the first and
second flow passageways 103, 104, the at least one recess
145 will be disposed 1n a spaced relationship from a portion
of the seat end face 126, whereby a space 165 (FIG. 16) 1s
provided between the seat end face 126 and the bottom 143
of the at least one recess 145 1n the sealing face surface 137'.
Preferably the at least one recess 1435, or reliel area or
depression 146, 1s disposed in both of the sealing face
surfaces 137", 138' of the first and second sides 117, 118, of
the gate member 141.

With reference to FIGS. 10-15, the at least one recess 145
preferably includes an arc-shaped portion 150. By use of the
terms “arced” or “‘arc-shaped,” 1s meant that something 1s
arched or curved, or 1s any unbroken part of the circumfier-
ence of a circle or other curved line. The arc-shaped portion
150 of the at least one recess 145 provides a arc-shaped
reliet area or depression 147 1n the first and second sealing,
tace surfaces 137', 138'. The arc-shaped portion 150 may
also 1nclude a rounded-triangular-shaped portion 148
depending from the arc-shaped portion 150. The rounded,
triangular-shaped portion 148 provides a rounded, triangu-
lar-shaped relief area or depression 149 1in the first and
second sealing face surfaces 137", 138'. The at least one
recess 145 may also include first and second rounded,
triangular-shaped portions 151, 152, formed or disposed in
a spaced relationship from each other and adjacent the lower
end 128 of the opening 116 1n the gate member 141. The first
and second rounded, triangular-shaped portions of the at
least one recess 145 provide rounded, triangular-shaped
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depressions or relief areas 1353, 154 in the sealing face
surfaces 137", 138' of the gate member 141. The at least one
recess 145 formed 1n the sealing face surfaces 137' and 138"
may also include first and second triangular-shaped portions
155, 156 disposed 1n a spaced relationship from each other
and adjacent the upper end 127 of the opening 116 1n gate
member 141. These first and second triangular-shaped por-
tions 155, 156, provide first and second triangular-shaped
depressions or relief areas 157, 158, in the first and second
sealing face surfaces 137', 138'. The at least one recess 145
formed in the first and second sealing face surfaces 137,
138' may also include an arc-shaped portion, or recess, 159
disposed adjacent the lower end 131 of the gate member
141. The arc-shaped portion 139 provides an arc-shaped
relief area or depression 160 formed 1n the first and second
sealing face surfaces 137'. 138' of the gate member 141.
With reference to FIG. 16, incremental movement of a
thin section 126' of the seat end face 126 1s shown when the
gate member 141 1s moving downwardly from 1ts fully
closed position, similar to the closed position illustrated 1n
FIG. 6, to its fully open position shown in FIG. 9. As the gate
member 141 moves downwardly within the gate valve 140
of FIG. 9, with respect to the seat 120 and 1ts seat end face
126, fixed within valve body 101, seat end face 126 of seat
120, 1s represented by the transparent thin sections, or end
sections, or slices, 126' of the seat end face 126. As the gate
member 141 moves downwardly, arced portions 126" of the
seat end face 126 are exposed to the tluid flow through the
opening 116 1n gate member 141. The at least one recess 145
in the sealing face surface 137" of gate member 141, which
may include the arc-shaped portion 150, the rounded, trian-
gular-shaped portion 148, the first and second rounded,
triangular-shaped portions 151, 152, the first and second
triangular-shaped portions 155, 156, and the arc-shaped
portion 159 allows for all the other areas of the seat end face
126, or end sections 126" and the lower arc portions 126""
of seat end face 126 in contact with the sealing face surface
137" to also be exposed to fluid flow through the opening 116
in gate member 141. Thus, the entire surface of the seat end
face 126 may be exposed to the fluid flow through the
opening 161 at some point during the stroking of the gate

member 141, when gate member 141 moves downwardly
within the gate valve 140. The various depressions, or relief
areas, 147, 149, 153, 154, 157, 158, and 160 hold some of
the fluid flow tlowing through the opening 116 of the gate
member 141, and that fluid held within those relietf areas
washes ofl any foreign material that may be trapped between
the seat end face 126 of seat 120, and the gate member 141.
By removing such foreign material from the seat end face
126, 1t 1s believed that the lifespan of both the seats 120 and
the gate member 141 will be increased by reducing potential
damage to the seat end faces 126 and the sealing face
surfaces 137" and 138' of the gate member 141.

At least one embodiment 1s disclosed and variations,
combinations, and/or modifications ol the embodiment(s)
and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the
disclosure. Alternative embodiments that result from com-
bining, integrating, and/or omitting features of the embodi-
ment(s) are also within the scope of the disclosure. When
numerical ranges or limitations are expressly stated, such
express ranges or limitations may be understood to include
iterative ranges or limitations of like magnitude falling
within the expressly stated ranges or limitations (e.g., from
about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
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includes 0.11, 0.12, 0.13, etc.). The use of the term “about”
means+=10% of the subsequent number, unless otherwise
stated.

Use of the term “optionally” with respect to any element
of a claim means that the element 1s required, or alterna-
tively, the element 1s not required, both alternatives being
within the scope of the claim. Use of broader terms such as
comprises, includes, and having may be understood to
provide support for narrower terms such as consisting of,
consisting essentially of, and comprised substantially of.
Accordingly, the scope of protection 1s not limited by the
description set out above, but 1s defined by the claims that
tollow, that scope including all equivalents of the subject
matter of the claims. Each and every claim 1s incorporated
as Turther disclosure 1nto the specification and the claims are
embodiment(s) of the present disclosure.

While several embodiments have been provided in the
present disclosure, 1t may be understood that the disclosed
embodiments might be embodied 1n many other specific
forms without departing from the spirit or scope of the
present disclosure and the appended claims. The present
examples are to be considered as illustrative and not restric-
tive, and the intention 1s not to be limited to the details given
herein. For example, the various elements or components
may be combined or integrated in another system or certain
features may be omitted, or not implemented.

In addition, the various embodiments described and 1llus-
trated in the various embodiments as discrete or separate
may be combined or integrated with other systems, modules,
techniques, or methods without departing from the scope of
the present disclosure. Other 1tems shown or discussed as
coupled or directly coupled or communicating with each
other may be indirectly coupled or communicating through
some 1nterface, device, or mtermediate component whether
clectrically, mechanically, or otherwise. Other examples of
changes, substitutions, and alterations are ascertainable by
one skilled 1n the art and may be made without departing
from the spirit and scope disclosed herein.

I claim:

1. A gate valve for a fluid comprising:

a valve body having an internal valve cavity;

first and second flow passageways extending through the
valve body, each passageway having a longitudinal
axis;

a gate member, having an upper end, a lower end, a first
side and a second side, disposed within the valve body,
the gate member having an opening, the opening hav-
ing an upper end and a lower end, and the gate member
1s moveable between an open position in which the
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opening 1s positioned nto a fluid transmitting relation-
ship with the first and second flow passageways and a
closed position 1n which the opening 1s out of align-
ment with the first and second flow passageways;

a first seat between the gate member and the first flow
passageway, the first seat having first and second ends,
the first end disposed adjacent the first flow passageway
and the second end disposed adjacent the first side of
the gate member, the second end of the first seat having
a seat end face, the first seat being tubular, the interface
between the seat end face and the gate member being
annular and having an outer diameter;

the gate member having a first sealing face surface on the
first side of the gate member; and

the first sealing face surface of the gate member having at
least one recess formed 1n the first sealing face surface,
the recess disposed 1n a spaced relationship from a
portion of the seat end face of the second end of the first
seat as the gate member moves 1nto the fluid transmit-
ting relationship with the first and second flow pas-
sageways, the at least one recess being discontiguous
with the opening of the gate member, wherein:
the recess 1s positioned entirely within the outer diam-

cter of the annular interface between the seat end
face and the gate member when the gate member 1s
in the closed position, such that the at least one
recess 1s 1n fluid communication with the first flow
passageway and not the internal valve cavity when
the gate 1s 1n the closed position;

the at least one recess formed in the first sealing face
surface 1mcludes an arc-shaped portion; and

the arc-shaped portion of the at least one recess includes
a rounded, triangular-shaped portion depending from
the arc-shaped portion.

2. The gate valve of claim 1, including a second seat
between the gate member and the second flow passageway,
the second seat having first and second ends, the first end
disposed adjacent the second flow passageway and the
second end of the second seat disposed adjacent the second
side of the gate member, the second end of the second seat
having a seat end face; the gate member having a second
sealing face surface on the second side of the gate member;
the second sealing face surface of the gate member having
at least one recess formed 1n the second sealing face surface,
the recess disposed 1n a spaced relationship from a portion
of the seat end face of the second end of the second seat as
the gate member moves 1nto the fluid transmitting relation-
ship with the first and second flow passageways.
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